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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 
Length ____ _ 
Time ______ _ 
Force _____ _ 
Symbol 
l 
t 
F 
Metric 
Unit 
meter ___________ ______ __ _ 
second~ ___ ____ ______ ____ _ 
weight of one kilogram ____ _ 
Symbol 
m 
sec 
kg 
English 
Unit Symbol 
foot (or mile) ________ _ ft. (or mi.) 
second (or hour) __ ___ __ sec. (or hr.) 
weight of one pound lb. 
Power______ P kg/m/sec_ _ _ __ _ ___ _ ______ _ __ _ _ __ __ _ _ horsepoweL ___ ___ __ __ BP. 
Speed ______ ----------{~i~r-~~~====== == ======== ========== ~i!~============ = = == rp:~.H. 
2. GENERAL SYMBOLS, ETC. 
W, Weight,=mg 
g, Standard acceleration Of gravity = 9.80665 
m/sec.'=32.1740 ft./sec.' 
W 
m, Mass,=-g 
p, Density (mass per unit volume). 
Standard density of dry air, 0.12497 (kg-m-' 
sec.') at 15 0 C and 760 mm = 0.002378 (lb.-
ft.-4 sec.2). 
Specific weight of "standard" air, 1.2255 
kg/ms = 0.07651 lb./ft.s 
mk', Moment of inertia (indicate axis of the 
radius of gyration, k, by proper sub-
script). 
S, Area. 
Sill' Wing area, etc. 
G, Gap. 
b, Span. 
e, Chord length. 
b/e, Aspect ratio. 
j , Distance from e. g. to elevator hinge. 
IL, Coefficient of viscosity. 
3. AERODYNAMICAL SYMBOLS 
V, True air speed. 
q, Dynamic (or impact) pressure=k p V3 
L, Lift, absolute coefficient OL=:S 
D, Drag, absolute coefficient OD= ~ 
0, Cross - wind force, a b sol ute coefficient 
o 
OC=qS 
R, Resultant force. (Note that these coeffi-
cients are twice as large as the old co-
efficients Le, Dc.) 
it" Angle of setting of wings (relative to thrust 
line). 
it, Angle of stabilizer setting with reference to 
to thrust line. 
,,/, Dihedral angle. 
Vl Reynolds Number, where l is a linr,ar 
p J;' dimension. 
e. g. , for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, 00 C: 255,000 
and at 15 0 C., 230,000; 
or for a model of 10 em chord 40 m/sec, 
corresponding numbers are 299,000 
and 270,000. 
OPt Center of pressure coefficient (ratio of 
distance of O. P. from leading edge to 
chord length). 
{3, Angle of stabilizer setting with reference 
to lower wing, = (it -illl). 
a, Angle of attack. 
E, Angle of downwash. 
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By R. II. SMITH 
INTRODUCTIO 
Thi report co 111 bine the wind-tunnel te LiltS of radiator test made at the avy Aerody-
namic Laboratory in \Vashington dmino- the summers of 1921, 1925, and 1926, and submitted 
for publication to the National Ad\-isory Committee for Aeronautic, ovember 29,1926. In all, 
13 radiators of \-arious types and capacitie w ee given complete Lests for flgure of merit. Tweh-e 
of the e wel"C te ted for re istance to water How and a fourteenth ra.diator wa tested for air re i t-
ance alone, its heat-dissipating capacity being known. All the te t were conducted in the 
by foot tUllnel, or in its 4 by [001, re triction, by the writer and under conditions a nearly 
the ame as possible. That is to say, as far as pos ible, the general arrangement and condition 
of the apparatu , the ob ervation interval, the ratio of water flow per unit of cooling urfacc, 
the differential temperature, and the air peeds were the same for all. Also, for reason of com-
parison, the L ID value of 6, which wa a umed in the 1921 te t a th L ID of the airplane using 
the radiator, wa al 0 used in the more recent te ts. 
o attempt is made to enter upon the theory of heat di ipation. Only the actual te t 
re ult arc o-i\-en and I' duced to coelli ient form. The precision of the test as representative of 
full-flight performance i defmitely known only in the case of the IIN- 2. The McCook Field 
full-flight performance and the avy tunnel performance of this radiator agree within about 
3 per cent. 
ince thi full-fiight test was made .vith unu ual care and ince the wind-tunnel te t , on all 
the radiator were made not only accurately but also at almost full scale, it would seem probable 
that the e test repre ent quite accw'ately the full-fiight performances in actual service. 
DESCRIPTION OF RADIATORS 
.l ine radiators of the 13 had cores of the cartridge type who e frontal areas w re uniformly 1 
foot sq uare. Figure 1 gives the external appearance of one of these radiator and Figure 2 and 3 
are close view of core egments of each. ix of the e 9 are known a G. and 0., 2 as U. 
Cartridge, and 1 as Rome Turney. For the heat-dissipation tests each wa equipped with 
headers of equal frontal area. 
With the e nine was tested a tenth radiator, known as the Lamblin, compo ed of evenly 
spaced radial plane, whose outline wa roughly that of a pheroid. The air Howing along the 
major axi entered at the front end and pa ed out between the plane. tream-lined hoop. , 
placed at the front and back, erved a water header a well a strengthening member. 
tructural data for this radiator a well as for the fir t nine are given in Table 1. 
The other three radiators te ted for figure of merit were manufactured by the Heimich 
Engineering orporation . One, known as type IIN- 2 and illu trated in Figure 4, con i tcd 
of 230 flat parallel fin three-eighth inch apart, ea h compo ed of tubes of 0.007 inch hard drawn 
("opper, flattened Lo about 0.50 inch by 0.07 inch and tack oldered edge to edge. These fins 
were upported and connected with the main headers by thin bran h header into which the 
flat tube of the fins emptied. At the leading edge there wa a hutter 0 con tructed a to fold 
3 
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into the tream-line form of the header when clo ed, as in the figure, or to pread oyer the end 
of the fins when open. The approximate external dimen ion of thi radiator arc 30 inche 
length, 44 inches height, and 9 inches width. It contained about 206 square feet of radiating 
surface and had empty and full weiO'hts of 113 and 173 pound , re pectively. 
The other two Heinrich radiator, known a the H einri h winO' radiators, are illu tl'ated in 
Figure 5 and 6. They on i ted of evera'! thin fin extending vertically from the under surface 
of the wing, each on tructed in imilar fa hion and of like material to tho cued in the Heinrich 
tream-line radiator de cribed abov. The over-all dimen ion of the wing radiator fin wa 
5 inche width and 31.75 inche length. The two wing radiator differed only in the pacing 
and the number of the fin ; one had 9 fin paced 1 inch, the other 6, paced 1.5 inche ' . 
Both were attached to a 40 by 36 inch wing of R3C3 section. 
The fourteenth radiator, which wa tested for air resistance alone, was a CUl'ti radiator 
having a 9-inch cartridge core and over-all dimension of 40 by 12 by 10.75 inches. Thi 
,-.. 
... 
FIG. l.-'l'ypica\ test radiator 
' . 
radiator is illustrated by FigUl'e 7. It full and 
empty weight were 159. and 105.6 pound, 
1'e pectively. 
METHOD OF MEA URI G AIR RESISTA E 
Th air re i tanc of the radiatoi, or radiator 
core was determined, in mo t ca e ,by upending 
it by two or more wire attached to its upper 
edge and running either to the tunnel, ceiling, 01' 
through it to the ceiling of the laboratory abov . 
The radiator was then displaced down tream until 
Lhe di placing force exceeded the maximum air 
re i tance to be mea ured, then connected to the 
balance hank by a horizontal ten ion wire. Lat-
eral motion of the radiator was prevented by two 
taut cro s-tunnel wire with yelets through which 
two guide pin , proj e ting up tream from the upper 
and lower edge of the radiator, had only light 
lateral freedom. · The downstream movement of 
the radiator due to the wind wa negligible, hence 
no correction of the measured resistance for gravity 
was required. To determine the correction required 
to reduce the mea ured re istance by the re istance 
of the suspending wire ,a econd run wa made 
with double wire, the additional wire being 
placed be ide the permanent one and 10 or more 
diameter away. The increment of re j tance thu found, due to .the additional wire, wa 
taken as the re istance of the permanent one and was ubtracted from the radiator fLnd 
ingle-wire rcsistance a the wire correction. The re istance of the horizontal wirc wa 
negligible. 
FigLU'es 7 and illu trate the Curtis radiator mounted in the tunnel ready for an air-rcsist-
ance test. All the radiator or radiator core were tested for air re i tance in a similar manner 
excepting th two wing radiator, for which the method of mounting wa -nece al'ily a little 
different. 
The two Heinrich wing radiator were given air-re i tance test a embled to a wing egment. 
Thi wing egment wa supported in the inverted po ition at zero degrees angle of attack by 
fOUl'vertical u pen ion wire, a hown in Figure 5. The wing wa re trained from down tl'cam 
movement in the wind by a compre ion rod running horizontally from the balance hank to 
the trailing edge of the wing, and from lateral motion by cro s-tunnel wires, both vertical a.nd 
2-ineh O. & O. 
17fJ506 
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4-incb U. S. Cartridge 5-inch O. & O. 176503 
FIG. 2.-Radiator cores 
3-inch O. & O. 
176507 
5-inch O. & O. 1i.6502 
FIG. 3.-Radiator cores 
5-inch Rome Turncy 
5·iuch O. & O. 176504 
FIG.4.-Ucinrich radiator. huttcr Uaps closed FIG. 5.-Heinricb wing radiator (Resistance mounting) 
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horizontal, with eyelets at the intersection, through which O'uide pin, projecting from the 
leading e.dge of the \-vinO' had only mall lateral or vertical freedom. The wing lift, being down-
ward, wa borne by the four uspension wir . , the drag by the com pres ion rod and the balance 
shank. The 1'e istance of the radiator wa determined from two Le t , ol1e made on the radiator 
and wing as embled as in Figure 5 and the other made on the wing alone. The difi'eren of 
the re i tance wa taken a the radiator re istance. 
METHOD OF MEAS RING RATE OF COOLING 
The general appearance of the apparatu for a cooling te t is portray d in Figure 9. The 
radiator wa supported symmetri ally in the tunnel throat by LauL tay wires, 4 at the Lop 
running obliquely up to the tunnel ceiling and 4 at the bottom I'unning obliquely down to the 
tunnel floor. Hot water pumped from Lhe supply Lank, shown to Lhe right, wa passed through 
the VenLuri meter, thence through Lhe radiator and the return pipr to Lhe same tank, which 
was kept at nearly constant temperaLure by mran of a stram-heaLing coil. Thermometr)' 
which were accurately calibrated were carefully \n erted to Lhe arne depLh in the supply and 
return pipes to mea ure the temperature or the water upon entering and leaving the radiatol', 
and a third wa in erted through the wind-tunnel ceiling to measure the temperature of the 
general air tream. The rate of flow of the water through the radiator wa mea ured with 
the tandard Venturi. The peed or Lhe llndi tllrbed air approaching the radiator was mea ul'ed 
in the u L1al way with a Pitot tube and manometer, the Pitot tube being placed sufficiently 
upstream to avoid blanketing by the radiator. The manometer and Pitot tube in thi po ition 
were calibrated to read the air peed in the po ition occupied by the radiator. 
MEASUREMENT OF WATER PRESSURE-DROP INSIDE RADIATORS 
The pre~ ure diiIel'ence of the water on entf'ring and leaving the radiator due to vtll'iou 
rate of fiow wa mea ured by two U-tube manometers, one in each header. 
RESULTS OF THE TESTS 
Table I to V, inclusive, show, for the variou air peed noted, the heat di ipation and 
air re i tance, both a mea ured and in coefficient form, and the ratio o[ the two expre ed in 
terms of power, which i defined a the figure of merit. Table I contain the results of 13 
te t on 10 radiator -the Lamblin radiator wa Le ted at f ur raLe of water flow-the data 
given for each te t being condensed rrom data a observed and recorded in Table II, III, and 
IV. Th ese latter three table, giye Lhe data in unconden ed form on the three Heinrich radia-
tors. Th ix observations for each ail' peed were taken at two-minute intervals after fairly 
teady air p ,d and water flow were obtained and thermal equ ilibrium wa established. Each 
observation given in Table I i the av 1'aO'e of ix like obseryations. Variou definition, con-
tant , and radiator dimen ion are upplied in the tables. 
The air re i tance of the radiator or Lhe radiator core, as gi,' en in the fiye table and 
plotted in Figure 10,11, and 12 i~ expr cd by the general equation R=Kvn \\-here n varie 
from 1. 4 for- the Heinrich wing radiators to 2.13 for the Heinrich stream-line radiator. For 
the cartridge core type. n ,"arie from 1.95 to 2.02. 
The figure of merit, which i the final bject of the te ts, dimini hes continuously with 
increase of v Jocity. For t he cartridge core types the figure of merit decrea e roughly with the 
increase of the velocity quared, while for the wing radiator type it decrea e nearly with the 
increase of the velocity. In the Ca e of the cartridge core type Lhe short tube radiators haw 
greatest merit at low peed, the long one at high speeds. Thi, is clearly hown by the .'. 
Cartridge radiator with 9-inch tube. Thi radiator has the lea t merit of the nine at low peed, 
but i the mo t efficient at speed above 130 miles per hour. The figure of merit of the parallel 
fin type radiator, uch a the Heinrich wing radiator, i about the ame a that of the be. t 
cartridge core at airplane landing peed, but i di tinctly better at he higher airspeeds. Fig-
ure of merit plots are given in Figure 13, 14, and 15. 
RE I TA TCE AND COOLING POWER OF VARIOU RADIATOR 7 
The pre sure heads requll.'ed to maintain different mas rate of water flow through the 
VMious radiators are given in Tables VI and VII and are plotted in Figures 16 and 17 for all 
] 3 radiator except the Heinrich stream-line radiator, upon which the e measurements were 
omitted. The pressure heads have the general form p = K v n where, for all cases measured, 
n varies from 1. 6 to 2.00. The formula for pressure drop in terms of turbulent flow speed, 
commonly given in works on fluid dynamic, i p = K v2•OO • 
The tables and diagrams given in thi report may be analyzed in different ways, depending 
upon the experimental fact de ired. No attcmpt is made here to enter upon uch analyses, 
although the material i pre ented in a form a complete a po ible for thi purpose. Like-
wi e no expre ion of opinion i given touching the uitability of any radiator or type of radiator 
for any particular u e. 
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FIG. 6.-Heinrich wing radiator. (ileaL dissipation mounting) FIG. 7.-Curtiss radiator. huller open 
o 5 /0 ft. 
~~~S~c~a~~~e~~~ 
FIG. .-Plan view of 4 by fooL wind Lunnel and radiator mounting Fl:l. 9.-Apparatus for thermal test o. radiato.., 
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J88 
166 
A = full size. 90 
D=O. lIO 
Lamblin radiator . ___ . . 
W=56.3 pounds. 
A = full Size. 
D =O. 
130 
30 96 
50 97 
70 100 
90 002 
110 109 
J30 JlS 
177 
179.5 
176. 
lSI. 3 172 
180. 1171. 5 
17i 1.5 
177 
176. :; 
176 
180.5 
179.4 
176.0 
176.7 
169.2 
172.7 
174.5 
177. 5 
191.1 
I 5 
183 
175.4 
I 9.2 
1 0.2 
Dif-
fer-
ence 
7 
12.5 
16 
I 
19 
17. (i 
7.3 
9 
10 
9.9 
12.5 
10 
186.2 JO.5 
J79.6 13.2 
177 16 
!iLl 16.2 
177. 5 19 
175.2 lS.5 
Ji9.2 
183 
1 0.2 
176.5 
mI. J 
172.7 
4.4 
7 
.5 
9.3 
0.3 
S.5 
T pa ted C per TO.ta I per 1000 Total reslst-
mlnu te differ- resist- ance 
Meon Rate,of l for 1 ence be- anee of per 
difTcr- flo\\ t square tween radiator square 
ence, po~nds foot mean core, in foot of 
air and o("ater frontal water pounds frontal 
water m i~e~ te a~~~eor and air ~)? 
n.4 
8~. 2 
70.2 
94.3 
5.6 
0.5 
71. 1 
74.5 
56.3 
.2 
6 
0.2 
74.6 
67. J 
5i.7 
101. ,) 
99.5 
I~~ I 
J04.5 
J05 
105. 
J02.8 
107.5 
104.5 
J05 
105 
106.7 
105.2 
103.5 
105.5 
106.7 
105.2 
102.5 
104 
106. 
107 
103 
100 
102.5 
103. 
104 
105 
103 
103. 
103 
101.2 
103.5 
104.5 
105 
J06 
105.6 
99 
101 
100.2 
JOI 
102.2 
106. I 
J06.4 
J06.1 
106.1 
106.9 
105.7 
J9 
199 
203 
205 
200 
20:3 
only 
= C (I) 
f.S7 
1. 202 
I. ,)1.) 
I, 44 
1,919 
J.786 
772 
J, 150 
1,358 
1,625 
1, 530 
J,470 
67 1 
I. 018 
1, 302 
I. 429 
I. 651 
1,506 
725 
1,059 
1,191 
1,401 
1,399 
1,414 
595 
904 
1,0·16 
1,11 
1,166 
954 
721 
1,000 
1,35J 
1.550 
1,640 
1,592 
71 
1,393 
1,725 
1, 906 
J, 60 
1,726 
08 
1, 411 
2,008 
2,491 
2. 00 
3,090 
S70 
1,296 
1,697 
2, 019 
2,267 
2,402 
797 
I. 273 
1,702 
1, 984 
2, I 
2.270 
47 
1,253 
1,625 
1,903 
1,955 
2, 192 
I. 6:15 
4. 544 
8.927 
14.920 
22.120 
31. 170 
I. 715 
4. 14 
9.567 
IS, 20 
23. 20 
33.470 
UFo 
4.094 
7.897 
12.900 
19.200 
26 . . iiO 
1. 4 5 
4.094 
i. 97 
12. £00 
19.200 
26.570 
llP. 
dissi-
pated 
11 
per 100° UP. ab-
diITer- sorbed 
ence of per Figure 
temper- squale of merit 
ature foot of = HI P I per frontal 
square area 
foot of =P 
frontal 
area 
=H 
27.75 
3 .51 
49.54 
56.77 
64.07 
69.26 
24.61 
3 .04 
50.4 
60.06 
65.04 
70.21 
-I O. 706 ~6. 
I. 563 21. 21 
3.007 15.67 
5.303 11.01 
.59J 7.65 
13.25 5. 46 
.467 
1.J94 
2.55 
4. SOl 
.171 
13 
.331 
.94 
2.133 
4.142 
7.173 
11.543 
1.039 
2.22 
4.144 
7.139 
11. 477 
17.564 
42. 
24.65 
14.96 
9.29 
5.62 
3.96 
51.S 
27.04 
14.44 
S.68 
5.43 
3.39 
26.72 
17. a5 
11. 96 
7.9-1 
5. 
3.64 
1. 038 23.71 
2.219 17.15 
4.144 12.18 
7.137 1 8.43 
II. 477 5. 67 
Ji. Sf14 3.99 
I W=wcight of 1 sq uare foot. frontal area of core with wnter; A=(ronltll urea of core tested; D=pcn::entagc. U. t. u. doduction duo to header 
area considered as equivalent. LO core area. 
I Note area correction and deducLion of percentage due to headers. 
3 lleaders wOre not removed; results not comparablo with other Lests. 
lI P. absorbed=( R V+.v. IV V) 0.002664, where V=air peed in M. P . 11.; R=resistanec PCI' unit front.tl urea·pou nds; lJf=weight Of full mdiator 
per unit frontal area- pounds; 6=L/ D of airplane-assumed. 
UP. diSSipated =0.0234 X (B. t. u. ). 
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T ABLE I.- FIGURE OF 1ERIT-Continued 
Temperature in degrres F. 
I Air 
speed Name of radiator with 
miscellaneous data l\]\P. Air in \Yater Water Mean 
. tunnel inlet outlet -
30 
Lamblin radiator_. __ ___ 50 
W=66.3 pounds. 70 
A=full size. 00 
D=O. 110 
130 
Lamblin radiator. .. ____ j ~~ 
W=66.3 pounds. 70 
A=full site 90 
D=O. 110 
140 
2-inch G. & O. 176506 __ 
W=9.02 pounds. 
A=I.00 squar feet. I 
D= .7 per ceOL. 
5-inch G. & O. 176502 _ 
W=24.4 pounds. 
A =0.9 square feeL
I 
D=4. Ll per cent. 
30 
50 
70 
00 
110 
140 
30 
SO 
70 
00 
110 
140 
91 
92.5 
95 
97 
105 
lOS 
Dif-
fcr-
cnce 
3. S 
5.3 
6.2 
7 
.5 
3 
4.2 
5. I 
6.8 
7 
7 
5 
6. 
6 
7.5 
9.8 
12.5 
13 
L3 
pated C per 
-I -- Bdi~i~' 
Rate of per 100· 'rota! 
flow, minute dilTer- resist-
Mean pounds
l 
for I ence be- ance of 
differ- 1of water square twecn radiator 
cnce, per foot Inean core, 10 
air and minuto Crontal \.\'otcr pounds 
water area of and air 
core 
only 
=C(') 
91.7 29 1,043 
9.1.6 297 1,574 
84.6 302 1,872 
79 302 2,114 
83.2 302 2,567 
66.5 302 2,114 
1.2 372 1, 116 
80.2 368 1,546 
74.7 375 1,913 
83.6 37 
2,571 I 74.5 368 2,576 
67.5 367 2,569 
.5 102. " 467 92.9 112 696 
00 104 854 
84 102.4 93~ 
72.7 :&t ~ I 007 74.8 951 
89 .• 1 101 
83.7 100.5 739 
78.9 IOJ.,'; 963 
ii.7 101.2 1,230 
70 101. 6 1,282 
64. [) 103. 5 1,3OS 
TIP. I 
dissi-
Total pated 
re ist- per 100· UP. ah-
anco differ- sorbed 
per ence of per Figure 
square temper- square of merit 
root of ature foot of = IIIP 
area square area 
rrontal I per frontal 
=R {~g~t~\ =P 
J. 635 
4.514 
.757 
14.42 
21. 52 
30.17 
1.453 
4.166 
8.25 
13.73 
20.7 
29.02 
area 
=H 
25.92 I. 038 
3 .65 2.219 
52 4.144 
62.93 7.137 
72.44
1 
II. 477 
74. 67 17. 564 
32.26 J. 03 
45.32 1 2.219 
60. II 4.144 
72.32 7.137 
81.12 11.477 
89.34 17.564 
12.39 
17.59 
22.28 
26.11 
29.3 
29.84 
15.43 
24.95 
17.42 
12.54 
.82 
6.31 
4.25 
31. 05 
20.45 
14.5L 
10.13 
7.06 
5.0 
RE~lS1AKCE AND COOLJKG POWER OF VARIOU RADL\ TORS 
TABLE II .-FIGURE OF MERIT FOR HEI RICH STREA MLINE RADIATOR 1 
S~e~t- Air speed, 
Oaps 1'1. P. ll. Air in 
tunnel 
'rem perature in degrees F. 
Water 
in let 
Water I 
omlet Mean 
Differ-
ence 
Meau 
differ-
ence, 
air Bud 
waler 
Rate of 
Dow, 
pouuds 
of water 
per 
minule 
D. t.lI. 
dissi-
pated 
per 
minute 
for 1 
square 
foot of 
radiat-
ing SUr-
face=C 
o 
per 100· Total 
diJIer- resist-
ence auce of 
between radiator, 
mean in 
water pounds 
aud air 
---- - ------'------'-----'---'----.!..--~'--------'-
c 
8. 
o 
30 
50 
70 
30 
50 
70 
90 
100.0 
9 .0 
98.2 
9 .6 
99.0 
99.7 
100.6 
107.0 
110.0 
112.0 
114.0 
115.0 
1l5.0 
116.0 
120. 0 
123.0 
128.0 
130.0 
90.0 
92. 0 
92.1 
92. 2 
92.5 
92.5 
9~ .0 
94.5 
95.0 
95.5 
90. 0 
96. 5 
102.0 
102.5 
103.0 
103.5 
I~.O 
1~ . 5 
106. I 
lOS. 0 
I .4 
110.0 
Ill. 3 
111. 6 
110 I ii:J 
120.3 
120.2 
130 I H:: ~ 124.0 
126.3 
128.4 
130 
100.0 
Ia-I.O 
lOS. 0 
112.0 
114. 0 
110.0 
183. 0 
168.0 
173. O. 
181.0 
I I. 0 
182.2 
1 2.0 
179.0 
1 1. 0 
1 1. 7 
183.0 
184.0 
1 1. 5 
ISO. 2 
II.I 
ISO. 0 
1 2.0 
1 .7 
I 4.0 
1 4.2 
183.0 
I I. 2 
I 1. 2 
1 0.7 
180. 1 
ISO. 0 
179.2 
179.0 
179. 
181. 7 
17 .0 
186.0 
184.2 
1 2.0 
I 1. 2 
181. 5 
184.2 
1 .7 
182.2 
I 2.0 
1 2.5 
I 2.7 
176.5 
]61. 5 
166. 0 
173. 9 
174.5 
176. 0 
174.5 
175.5 
176.0 
177.0 
17 .1 
179.2 
!i3.1 
170.2 
171. 9 
173.5 
175.0 
176. 0 
176.0 
176.5 
173.3 
173.0 
174. 0 
175.6 
172.0 
170. 1 
iiI. 5 
170. 8 
172.2 
175. I 
172.0 
171. 
171. 0 
169. I 
169.5 
169.8 
167.5 
167. I 
166. 5 
167.0 
168.0 
169. I 
169.3 
169.9 
170.0 
170.0 
iiI. 0 
171. 
164.1 
170.0 
172.2 
170.2 
169.9 
171. 0 
176.0 
172.5 
174.0 
li5.2 
176.0 
li6.5 
179. 7 
]64.7 
169.5 
]77. 5 
177.7 
179. I 
Ii .7 
I 0.0 
170.5 
171. 5 
1 2.6 
183.3 
177.6 
174.6 
176.5 
177. 6 
179.0 
ISO. 0 
179.5 \ 
ISO. 0 
176.7 
176.5 
177. 5 
179.0 
176. 7 
175. 1 
176.3 
175. 4 
177. 1 
179.4 
178.0 
178.0 
177. 0 
175. I 
175.3 
175.3 
173. 
173. 6 
172. 
173.0 
173.9 
175.4 
)75.6 
175. 
175. 
175.7 
176.5 
177. 4 
171.1 
178.0 
178.2 
li6. 1 
175. 6 
176. 2 
1 0.1 
li6.6 
17 .1 
17 .6 
179.2 
179.6 I 
6.5 
6 . . ; 
7.0 
7.1 
6.5 
6.2 
9.0 
9.0 
9. 0 
9.0 
8.9 
.3 
7.0 
7.0 
6.7 
7. 0 
7.0 
6.9 
9.5 
10.1 
9.6 
9.2 
9. 
.6 
12.0 
12.4 
12.0 
12. I 
11. 7 
10.9 
12.6 
12.9 
12.7 
12.0 
11.8 
12.6 
12.7 
12.1 
11. 7 
11 . 5 
11.0 
11. 2 
13.9 
10.0 
J2. 0 
1l.8 
II. 3 
10. 5 
. 2 
8.2 
8. 2 
7.8 
6.5 
6.2 
79.7 
66.7 
71. 3 
7 . 9 
78.7 
79.4 
72.7 
73.0 
60. 5 
59. 5 
68. 6 
6 .3 
62.6 
58.6 
56.5 
54.6 
51. 0 
50.0 
9.5 
.0 
84.6 
84.3 
5. 0 
6.5 
2.7 
SO. 6 
1.3 
79.9 
1.1 
2.9 
76.0 
76. 5 
74.0 
71.6 
71. 3 
70.7 
67. 7 
65. 6 
64.4 
63.0 
62.6 
63. 
57.0 
59.8 
57.1 
52. I 
49.3 
47.8 
1.1 
72.6 
70.1 
66. 6 
65.2 
63.6 
by foot tunnel 
358 
366 
364 
363 
362 
362 
365 
364 
365 
366 
366 
376 
364 
363 
365 
364 
362 
365 
11. 3 
Jl.5 
12.4 
12.5 
11. 4 
]0.9 
]5.9 
15.9 
15.9 
15. 9 
15.8 
15.1 
15.7 
15.5 
16. I 
14.5 
14.2 
14.2 
4 by foot tunnel 
370 
371 
372 
373 
373 
373 
377 
376 
376 
376 
376 
376 
12.6 
12.6 
12.1 
12.7 
12.7 
12. 5 
17.4 
18. 4 
17.5 
16. 
17.9 
15.7 
22.1 
22.9 
22.1 
22.2 
21. 5 
20.0 
23.1 
23. 
23.5 
22. 2 
21.8 
23.3 
23.3 
22.2 
22.3 
22.0 
21. 0 
21. 3 
25.9 
29.9 
22.4 
22.1 
21. I 
19.7 
17.2 4 ) 
~H 2.Cl 
13.8 
21. 9 
21.8 
26.3 
26.7 
23.2 
23.3 
25.2 
26.5 
28.5 
26.6 
27.9 
28.5 
14.1 I 
14.3 
14.3 
15. I 
14.9 
14.5 
21.1 
22. 
21. 5 
21. 0 
22. 1 
19.0 
29. I 
30.0 
29.9 
31.0 
30.2 
2.3 
34.2 
36.3 
36.5 
35.3 
34. 
36.6 
37. 
37.3 
38.6 
39.0 
37.3 
37.3 
45.5 
50.0 
39.3 
42.5 
42. 
41. 3 
7.269 1 
15.410 
2.483 
7.269 
15.4 10 
25.950 
Total 
re ist-
once 
per 
square 
foot of 
radiat-
ing sur-
face=R 
0.0120 
.0353 
.0749 
.0749 
.1260 
UP. 
dissi-
pated 
per 100· 
diITer-
ence of 
tempera-
ture per 
square 
foot of 
radiat-
ing sur-
face = 11 1 
0.333 
.40<1 
.397 
.373 
.34"1 
.324 
.515 
.512 
.61 
.627 
.545 
.547 
.592 
. 623 
.669 
.625 
.655 
.670 I 
.331 
.336 
.336 
.355 
.350 
.341 
.
496
1 
.535 
.5Q.5 
.493 
.519 
.446 
.684 
. 705 
.702 
.727 
.709 
.665 
UP. 
absorbed 
per 
square 
foot of 
radiat-
ing sur-
face - P ' 
0.0122 
. 0232 
. 0397 
.0122 
.~O l 
.063 
13 
Figure of 
merit. 
= lJ/ P 
27.3 
33. I 
32.5 
30.6 
28.0 
26.6 
22.2 
22.1 
26.6 
27. I 
23.5 
23.6 
14 . 
15. 7 
16.8 
15.7 
16.5 
16.9 
27. 1 
27 . .5 
27.5 
29. 1 
28. 1 
27.9 
21. 4 
23.1 
21. 
21. 3 
22.3 
19.3 
17.1 
17.6 
17.5 
1. 1 
17.7 
16.6 
12. 6 
13.4 
13. 4 
13.0 
12. 8 
13.5 
9.1 
9.0 
9.3 
9.4 
9.0 
9.0 
7.4 
8.2 
6.4 
6.9 
7.0 
6. 7 
I upplied data: Radiating surface=206 square feet. Weight of radiator, dry=1l3 pounds; weight of radiator, full=li3 pounds. 
I Horsepower dissipated =0.0234 X (B. t. u.). 
i Uorsepower absorbed =0.002664 (R V+1 /6 lVV) where V=air speed iu 1\[. IT. P. R=resistance p~r square foot of radiating surface-pounds. 
W=weight of full radiator per square foot of radiating surface-pounds. 6=L/D of airplane-assumed. 
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TABLE IlL-FIGURE OF MERIT FOR HEI RICH WI NG R ADIATOR O. I ' 
[9 fillS, J-inch pitchl 
1' emperature in degrees }- . 
_I II P_ dis-B. t. u. sipated 
dissi- Total per 100° U P_ 
Hate o[ p~ted per C Total re- resistance difIerence absorbed 
_\ ir ' peed flow in minnte per 100° sistance per o[ tern· per Figure 
:ll. P.ll. 1\le.lO pounds per ditTerence of radia- sq uare perature square or merit 
.\ ir in Wnter Wa ter DitTer- dilIer- or wnter square between tOr in [ootof per footof = /lI P tunnel inlel outlet 1\[e~n enee ence per foot of water pounds ' radiating square radiating air and minute radia ting and air sur[ace foot of surface 
waler surface =R radiating _pI 
=c surface 
=il I 
-----
90.0 I 0.9 1. 21T 20.2 0.519 
90. 0 I 1.5 2.0 217 21. 4 . 549 
50 ____ . 90.0 I 1.4 l. 212 19. i 0.66 0.03.>5 .507 0.022 90.0 181. 8 1.9 213 20.9 .535 
90.5 I 2. 0 2.0 217 22.4 
.575 
90. 5 182. I I. 217 20.2 
.519 
92.0 I 1.6 2.2 217 24.7 .64 
92.5 I 1.3 2. 3 213 25.3 
.669 
70 93.0 I 1.1 2. 3 .1 213 25.3 1. 2T5 .0659 .677 .0376 93.5 I 0.7 2.2 86.7 217 24.7 2 .5 .669 
94.0 I 0.5 2. I 86 .. ; 218 23.7 27.4 .643 
94. 5 180.0 2.0 5 . .5 219 22.6 26.4 .620 
r" 179. 5 2. 5 3.5 219 2 .3 33.9 .796 97.0 179. I 2.5 2. I 217 28.0 34.2 03 90 9.0 179.2 2.5 81. 2 217 28.0 34.6 2.030 .10·19 13 .0577 99 . • i 179. 5 2.5 0.0 211 27.3 34. I 01 I :g?:g 179. 2. 5 79.3 212 2i.4 34.6 13 li9.7 2.4 7 .7 212 26.3 33.4 .7 5 106. 0 179.8 2.5 T3.8 217 2.0 3 .0 .893 
107.5 17g.9 2.5 72.4 217 28. 0 38.7 .909 
110 _ 109.0 179. ~ 2.5 70.8 217 2 .0 39.6 2.935 . 1517 .930 .0 43 109. 5 179.6 2 . . '; 70. I 217 2 .0 40.0 
.939 
110. 0 IT9.6 2.5 69.6 217 2 .0 40.3 .946 
110 .. '; t79. 2.5 69.3 219 2 . 3 40.9 .961 
117.0 179.7 2.5 62. 7 219 28.3 45.2 1.061 
II .5 179. 2. !) 61. 3 219 28.3 46.2 1.0 
130 120.0 179. T 2.4 59.7 217 26.9 45. I 
'I. 000 .206 1. 05 121. 5 
1
179
.
9 2. 2 5 .4 219 24.9 42.6 1.000 
123. 5 I O. I 2.2 b6.6 219 24.9 44.0 1. 033 
125.0 180.3 2.2 55.3 219 24.9 45. I 1. 05 
1"'" 
181.6 2. 69.6 219 31. 7 45. 6 1. 070 
117. 0 I I. 4 2.8 64.4 217 31. 4 48. 8 1. 146 
140 ____ 122.0 I 1.0 2.4 59.0 217 26.9 45.6 4.580 .2363 1. OiO 125. 0 11.1 2.2 56. I 217 24.7 44.0 1.033 
127.5 1 I. 3 2.2 53. 213 24.2 45.0 I. 057 
129.0 1 I. 6 2.1 52.6 213 23.1 43.9 1. 030 
, Weight o[ mdia lor, dry =10.90 pounds; weight of radiMor, wet= 15.7 
, Faired resistance values. 
pounds . Radiating surface=19.35 square [eet. 
• UP. dissipated=0.0234 X B. t . u. 
I HP. absorbed = 0.002664 (R V+ Yo IV V) . V=air speed in M. P. U. R=resistance per square feet. of radiating 
o[ [ull radiator per S(IUare loot o[ radiating sur[ace in pounds. 6=L/D o[ airplane, assumed. ur[ace in pounds. W=weight 
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TABLE IV.-FIGURE OF MERIT FOR HEINRICH WING RADIATOR NO. 3 1 
[0 Fins, I ~" pitch) 
Temperature in degrees F. UP. dis· 
sipated 
B. t. u. C Total per 1000 
Rate of dissipated per 1000 Total resistance differ· 
.\ ir Mean flow in per miu- diCIer· resist- per ellceof 
speed diCIer· pounds ute per ence ence of square tempera· 
M.P.H. .\ir in Water Water DiCIer· enee, of water square between radialor fOOL Of ture per 
tunnel inlet outlet l\lean ence air per foot of mean in radiating square 
and minute radiating water pounds' surface fOOt of 
water surface C and air =R radiating 
surfac-e 
= 11 ' 
------
._--,----
----------- -------
7.0 I 1.7 7.7 101 24.2 7.0 1- 9.0 155 24.3 
50 87.5 1.5 92.4 155
1 
19.5 1 0.493 0. 0382 1 88.0 1.4 91. 3 15 18 . 
. 0 1.6 92.1 158 21. 3 
.5 1.7 91. 9 158 22.0 I 90.0 2.3 92.2 155 30.1 
I 90.5 2.2 92.3 155 28. 7 70 91. 0 2.3 91.7 155 30. 2 .917 . ill 91. ·5 2.2 91. I lSI 2 .3 92.0 2.3 90. 5 155 30.6 92.5 2.1 89.5 J55 2 .2 
94.5 2 . .5 86.7 ISS 34.7 
I I 96.0 2.5 84.7 155 35.0 90 97.0 2.4 3. I 155 34.8 1. 159 .1131 97.5 2.4 82.0 J55 35.3 9 .0 2. '1 81. 3 155 35.6 9.5 3.0 79. I 151 44. I 102.0 2.8 7(i.6 155 
<co I 103.5 2.5 i4. 155 42. 3 I 
110 
I 
IW.5 2.3 73.4 155 27.7 3t. 2.111 I. 639 106.0 2.5 71. 155 30. I 41. 9 
107.5 2. 5 70.1 155 30. I 43.0 
10 .5 2.4 68.9 155 28.9 42.0 
1 "" 
2.7 65.7 155 32.5 49.5 
I m, 1 115.0 2.9 65.6 155 34. 9 53.2 130 119.0 2.7 62.9 155 32.5 51. 7 2. 79 120. 5 2.6 62.6 155 31.3 50.0 122.0 2.4 00.5 155 2 .9 47. 124.0 2.4 59. 5 14 2 .9 48. 6 
1 mo 
2.4 55. 2 155 2 . 9 52.4 
I 130.0 2.5 53.4 144 27.9 52. 3 140 132.0 2.4 51. 158 29.4 56. 3.290 .2550 133.5 4. i' 2.3 51. 2 15 2 .2 55.1 135. S 2.0 49.4 15 24.5 1 49.6 137.0 1.9 47.9 158 23.3 4~. 7 
I Weight of radiator, dry= '.03 pounds, weight of radiator, wet= 12.0g pounds. Radiating surface=12.90 square feet. 
2 Faired resistance values. 
UP. 
absorbed 
per Figure 
square of 
foot of merit 
radiating = lI/ P 
surface 
=p. 
----1---
om 1  
21. 9 
22.1 
ii.7 
17.0 
19.3 
20. 5 
1 
16.6 
15.9 
. 0~25 16.7 15.6 
16.9 
15. 6 
I 
12.6 
12.9 
.0(>46 12.6 12. 
12.9 
16. 1 
II. 0 
10.1 
.939 9.4 10.5 
10. 
10.5 
8.8 
9. 5 
. 1315 9.2 8.9 
.5 
.7 
.0 
.0 
1535 .7 
.4 
i.5 
7.4 
' UP. di ipated=0.0234 XB.t.u . 
• UP. absorbed=0.002664 (RV+y<! IVV). V=air speed in M.P.lI. R=resistance per square foot of radiating surface in pounds. lV=weigbt 
of full radiator per square foot. of radiating surface in pounds. 6=L/D of airplane, assumed . 
TABLE Y.-FIGURE OF MERIT FOR CURTISS RADIATOR 1 
lAir speed (M.P. H.) 
30 
50 
70 
90 
110 
130 
Total reo 
sistance of 
radiator' 
(pounds) 
6.11 
16.50 
31. 43 
51. 05 
75.19 
103.79 
[Shutter open) 
TIP. dissi· 
pated per 
100· 01 tern-
perature 
=H' 
56.91 
99.39 
141. 45 
175.44 
197.22 
217.65 
HP.ab· 
sorbed=P 
2.62 
5.74 
10.84 
18.63 
29.87 
45.21 
Figure of 
merit of 
=H/P 
21. 71 
17.31 
13.05 
9.42 
6.61 
4. 1 
I Weight of radi ator, dry= 105.0 pounds; weight of radiator, wet=159. pounds; frontal core area=3 square feet. 
I Resistance values were coml uted from the equation of the faired curve. 
S Values for JI were taken from g·inch U. . Cartridge core tCSts ill Report No. 183, and increased in proportion to the cbange ill core area, 
neglecti ng eCIect of header area. 
16 REPORT NATIOI AL ADVI ORY Ol\IMITTEE FOR AERONA TI 
TABLE VI.- WATER-PRE SURE DROP I SIDE RADIATOR FOR DIFFERE T RATE OF FL W 
I Water now pounds per 
minute 
40 ___ __ _____ __________ _ 
60 ____________ -______ _ 
80 ___________________ _ 
j()(L __________________ _ 
120 __________________ _ 
140 ___________________ _ 
100 ________ __ _________ _ 
180 ___________________ _ 
Water tlOW ____________ 1 
Pressure drop ________ _ 
u .. 
artridge, 
9-inch 
2.3 
5.05 
.62 
13. 10 
18.40 
24.50 
31. 50 
39.30 
125 
15.3 
Cartridge, u. S. I 
4-inch 
2.52 
5.45 
9.35 
14.25 
20.10 
27.00 
34.50 
43. 00 
150 
21. 9 
[Pre ure bead-inches of water] 
O. &0. Home O. & o. 
176504 Turncy 176503 
1.80 2.65 1.55 
3. 6 5.65 3.45 
6.00 9. i5 6.10 
10.00 14.80 9.50 
14.00 21.00 13.60 
18.80 28.00 I .60 
24.00 36.00 24.20 
29.80 44.80 30.50 
FOR LAMBLIN RADIATOR 
175 
30.0 
200 
38.8 
250 
60. 5 
I 
O. & O. 
176507 
1.00 
3.60 
6. 45 
10.10 
14.50 
20.00 
26.00 
33.00 
300 
7.0 
TABLE VII.- PRES URE DROP I RADIATOR FOR VARI 
Rate of flow in 
pounds of water J 
per minute 
Pressure drop in 
radiator in 
incbes of mercury 
liEI ' RICll RADIATOR NO. I 
(9 Fil S, I-IN Crr P ITCll) 
o 
145 
I 9 
224 
24 
o 
2.60 
4.00 
5.45 
6.80 
li E l ' RICIl RADIATOR NO. 
(6 FI S, l ~-JNCU PITCH) 
o 
84 
120 
155 
168 
I 9 
216 
o 
1.90 
3.26 
.'>. 40 
6.14 
7.60 
9.50 
I Temperature of water = 180° F . 
ADDI'rIONAL COPIES 
OF TBI P BLICATION MAYBE: PROCURED FRO~I 
THE SUPERINTENDENT OF OOCUM ENTS 
GOVERNMENT PRINTING OFFICE 
WASBJNGTON, D. C. 
AT 
10 CE TS PER COPY 
~ 
O. & O. 
176506 
2.47 
5.55 
9.90 
15.50 
22.40 
30. 50 
39.50 
50.00 
350 
II 
O . & O. 0.&0. 
176505 17502 
6.0 1.62 
13. 5 3.4 
24.0 6.00 
37.5 9. 10 
54.0 12.90 
73. 17.20 
96.0 22.00 
.----------- --- - ------
---
-
400 
145 
RATES OF FLOW 
, 
I 
I 
I 
, 
" .. , 
z 
t 
. 
Positive directions of axes and angles (forces and moments) are shown by arrows 
Axis Moment about axis Angle Velocities 
Force 
(parallel 
Sym- to axis) Designa- Sym-Designation bol symbol tion bol 
LongitudinaL __ X X rolling _____ L 
LateraL _______ Y Y pitching ____ M NormaL ______ Z Z yawing _____ N 
Absolute coefficients of moment 
Linear 
Positive Designa- Sym- (compo-
direction tion bol nentalong Angular 
axis) 
Y--.Z rolL _____ <I> 'U P Z--.X pitch _____ 9 v q 
X--.y yaw _____ 'lr w T 
Angle of set of control surface (relative to neu-
tral position), o. (Indicate surface by proper 
subscript.) 
.t. PROPELLER SYMBOLS 
D, Diameter. 
P., Effective pitch 
Pg, Mean geometric pitch. 
P8' Standard pitch. 
pv, Zero thrust. 
pa, Zero torque. 
p/D, Pitch ratio. 
V', Inflow velocity. 
V" Slip stream velocity. 
T, Thrust. 
Q, Torque. 
P, Power. 
(If "coefficients" are introduced all 
units used must be consistent.) 
1), Efliciency= T VIP. 
n, Revolutions per sec., r. p. s. 
N, Revolutions per minute., R. P. M. 
<1> , Effective helix angle = tan-1 (~) 211"rn 
5. NUMERICAL RELATIONS 
1 HP = 76.04 kg/m/sec. = 550 lb./ft./sec. 
1 kg/m/sec. =0.01315 HP. 
I mi./hr. =0.44704 m/sec. 
I m/sec. =2.23693 mi./hr. 
1 lb. = 0.4535924277 kg. 
I kg = 2.2046224 lb. 
I mi. = 1609.35 m=5280 ft. 
I m =3.2808333 ft. 
